Study Design. A retrospective study. Objective. The aim of this study was to assess the changes in sexual activities in male patients surgically treated for ankylosing spondylitis (AS)-induced kyphosis and the correlation between these changes and spinal sagittal realignment. Summary of Background Data. Sexual function may be affected by AS. However, little is known about the effect of spinal surgery on the sexual activity of patients with AS-induced kyphosis. Methods. Data of 45 male patients who had been surgically treated for AS-induced kyphosis were retrospectively reviewed. Changes in sexual activity were evaluated by the international index of erectile function (IIEF), frequency of sexual activity, and time point at which sexual activity began postoperatively. We compared the above-mentioned parameters before and 24 months postoperatively and analyzed the correlation of the changes in the IIEF with the changes in radiological characteristics. Results. Each domain of the IIEF and the total IIEF were increased postoperatively. Improved sexual function was correlated with changes in spinal sagittal characteristics, among which lumbar lordosis (LL) and the chin-brow vertical angle (CBVA) were the most significant causes (P < 0.05). Most patients (71.1%) resumed their sexual activity 5 to 12 weeks after surgery. At the 24-month follow-up, the frequency of patients' sexual activity was higher than that before surgery (P < 0.05). Conclusion. Surgical correction of spinal deformity may improve sexual function and increase the frequency of sexual activity in men with AS. Spinal sagittal realignment and pelvic rotation may be correlated with improvement of sexual function.
A nkylosing spondylitis (AS) is a chronic rheumatic disorder that primarily affects the axial skeleton. 1 Throughout the course of the disease, joint stiffness, fatigue, and spinal kyphosis may increase in severity, and spinal mobility becomes increasingly limited.
1,2 Sexual activity is an important part of healthy life in adults. Many recent studies have proven that sexual function is impaired in male patients with AS because of back pain, decreased mobility of the axial skeleton, and high disease activity. [3] [4] [5] [6] [7] [8] [9] Both the prevalence and severity of sexual dysfunction in patients with AS are much higher than those observed in healthy individuals. 3, 4 However, there is a paucity of information regarding sexual activity before and after surgical treatment of AS-induced kyphosis. Patients and surgeons often hesitate to talk about the effects of disease and surgery on sexuality, but it is imperative that sexuality issues be addressed.
Therefore, in the present study, we assessed the effect of spinal surgery on the quality and frequency of sexual activity and the favorite coital position of male patients with AS.
MATERIALS AND METHODS
We collected and reviewed the data of 98 consecutive patients with AS who underwent primary one-stage spinal osteotomy surgery at our hospital from September 2010 to September 2012. All patients met the most recently modified New York criteria and were unable to lie down flat in bed with their heads touching the pillow because of severe kyphotic
Surgical Treatment
Experienced spine surgeons in our hospital decided on the surgical plan and conducted all of the surgical operation. 11 A single-level pedicle subtraction osteotomy (PSO), a single-level PSO with a couple of Smith-Petersen osteotomies, or a twolevel PSO was performed using a posterior approach according to the kyphosis severity. After surgery, the patients were asked to wear a removable brace for 6 months in daytime.
Clinical and Imaging Characteristics
The following demographic and clinical characteristics of the patients were collected and analyzed: sex, marital status, disease course (defined as the duration since onset of the first symptoms of AS), drug use, visual analog scale (VAS) score for back pain, and range of hip motion.
The following parameters were measured on a plain lateral X-ray of the full spine preoperatively and 24 months postoperatively: global kyphosis (GK, the angle between the superior endplate of the maximally tilted upper end vertebra and the inferior endplate of the maximally tilted lower end vertebra), lumbar lordosis (LL), thoracic kyphosis (TK), pelvic incidence (PI), pelvic tilt (PT), sagittal vertical axis (SVA), and sacral slope (SS). The chin-brow vertical angle (CBVA), defined as the angle measured between a line from the brow to the chin to the vertical while the patient stood with hips and knees extended, 12 was measured on clinical photographs of the patients.
Characteristics of Sexual Activity
Before and 24 months after surgery, the patients completed questionnaires concerning the frequency of sexual activity, the time point at which they resumed their sexual activity after surgery, and their adjustment of coital position. Coital position was chosen from pictures showing four common positions: the missionary position (man on top of woman, face to face), Amazon position (woman on top of man, face to face), spoons position (man behind woman with both lying on their sides), and dog position (woman in the quadruped position with man kneeling behind her). The questionnaires also assessed the international index of erectile function (IIEF), which comprises five domains: erection function (EF), orgasm function (OF), sexual desire (SD), intercourse satisfaction (IS), and overall satisfaction (OS). 13 
Statistical Analysis
Statistical calculations were performed using the Statistical Package for Social Sciences software version 17.0 for Windows (SPSS Inc, Chicago, IL). Continuous variables are presented as mean and standard deviation if normally distributed and as median and range if nonnormally distributed. Comparisons of the pre-and postoperative IIEF, VAS score, CBVA, and spinal sagittal parameters were performed with the Student t test. The rate of increase in the IIEF was calculated as follows: [(postoperative IIEF -preoperative IIEF)/preoperative IIEF)] Â 100%. Spearman correlation analysis was used to test the association between changes in the IIEF with changes in the imaging parameters, and a multivariate linear regression analysis was performed to analyze the relationship between them. A stepwise method was used to construct multivariate regression models in relation to various dependent variables. The distribution of the frequency of sexual activity and the favorite pre-and postoperative sexual positions were compared using the Chi-square test. The level of statistical significance was set at P < 0.05.
RESULTS

Patient Demographics
We initially assessed six (6.1%) women and 92 (93.9%) men. Only 60 of the 92 men had a sexual partner, and 10 back pain was slight (few patients complained of back pain during sexual activity), and there were no significant differences in the pre-and postoperative VAS scores among the patients (P > 0.05) ( Table 2) . None of the patients developed instrument failure during the 24-month follow-up. During follow-up, all of these 45 patients did not take antirheumatic drugs, tumor necrosis factor, or nonsteroidal anti-inflammatory drugs.
Imaging Results
The CBVA and radiographic results are listed in Significant differences were observed in each of these parameters (P < 0.05), while no significant differences were observed in PI and TK before and after surgery (P > 0.05).
Outcomes of Sexual Function
Of the 45 patients, 40 (88.9%) reported an improvement in OS. Table 3 summarizes the IIEF before and after surgery. Each domain of the IIEF and the total IIEF were significantly higher after than before surgery (P < 0.05). The rate of increase varied from 8.33% to 14.75%, and the total score was increased by 9.86%. According to Spearman correlation analysis, there was a significant positive correlation between the change in the IIEF and the improvement in SVA, LL, and CBVA (P < 0.05). Moreover, the change in SS was positively correlated with the improvements of IS, OS, and TS of the IIEF and the change in PT was positively correlated with the improvements of OS, and TS of the IIEF ( Table 4) .
The stepwise regression analysis results indicated that changes in LL and CBVA were independently associated with improvements in EF and the total IIEF, changes in OF and SD were independently associated with an improvement in the CBVA, and changes in IS and OS were independently associated with an improvement in LL (P < 0.05) ( Table 5) .
Sexual activity was resumed within 5 to 8 postoperative weeks in 48.9% of patients and within 9 to 12 weeks in 22.2% (Figure 1) . The frequency distribution of sexual activity before and 24 months after surgery is shown in Figure 2 , and the Chi-square test result showed that patients had more frequent sexual activity 24 months after than before surgery (P < 0.05).
Considering the limitations due to disease and the sexual positions chosen by the patients, the four positions depicted in the picture were assessed. Figure 3 shows that before surgery, the Amazon position (woman on top of man, face to face) was the most frequent (37.8%) and comfortable position. At the 24-month follow-up, the spoons position (man behind woman with both lying on their sides) was the most frequent (37.8%) and comfortable position. And the distributions of the favorite pre-and postoperative sexual positions were not significantly different (P > 0.05).
DISCUSSION
According to the result of this research, AS patients' EF, OF, SD, IS, and OS are improved by spinal kyphosis surgery, and these improvements are related to the spinal sagittal realignments and pelvic rotation. As is well known, sexuality is a substantial component of an adult's quality of life, and a healthy locomotor system and mood are necessary for normal sexual function. 14 Some researches recently reported an increased prevalence of sexual dysfunction among patients with AS. 7, 15 A systematic review and meta-analysis including 11 studies reported that each domain of the IIEF was lower in men with AS than in controls. 6 Rostom et al. 16 claimed that fatigue and sleep disturbance resulted in perceived problems with sexual activity. Gallinaro et al. 5 found that the chronic nature of AS, with its associated poor functional capacity and high disease activity, interferes with sexual intercourse. According to Tristano, 17 pain and depression could be the main contributing factors in patients with sexual dysfunction. The sexual function of AS patients could also be affected by anti-rheumatic drugs, tumor necrosis factor, and nonsteroidal anti-inflammatory drugs as reported in literatures. [18] [19] [20] Thus, we excluded the patients who took these drugs more than 3 months in this study.
In terms of the effect of spinal surgery on sex-related quality of life, some studies have evaluated patients with scoliosis or lumbar disc herniation. 21, 22 Hagg et al. 23 found that among patients with chronic low back pain, those who underwent surgical treatment had a significantly better sexual life than did those who underwent nonsurgical treatment. However, these studies ignored the influence of spinal kyphosis on sexual function in the late stage of AS and the changes in sexual function in patients with AS after spinal surgery.
The major finding of our study is that surgical treatment for AS-induced kyphosis improves the sexual activity in EF, OF, SD, IS, and OF as well as the total IIEF. And these improvements might be associated with spinal realignment, especially the increase in LL and the change in the CBVA; an association between them was identified by stepwise regression analyses. The late stage of AS is characterized by specific spinal deformities such as lumbar hypolordosis, thoracic hyperkyphosis, and thoracolumbar kyphosis 1 ; however, patients' back pain is usually not as serious as that in the early stage, which is characterized by lower disease activity. According to the result, few patients complained of back pain during sexual activity and there was no significant difference in the pre-and postoperative VAS scores. Thus, we excluded the effect of back pain on sexual life and hypothesized that immovability of the spine, severe kyphotic deformity, and the resulting depression might be the main causes of worse functional capacity. Although surgery did not influence spinal motion, it contributed to the restoration of spinal sagittal alignment and pelvic rotation, which are still significantly associated with the improvement in sexual function. Therefore, we considered that maintenance of spinal sagittal parameters and pelvic rotation at near-normal levels could help to maintain or achieve satisfactory sexual function, while these parameters may also alter the general well-being of the patient, resulting in increased sexual satisfaction and performance.
Improvement of IS and orgasmic function may be explained by the optimized alignment of spine and pelvic rotation, which makes the penis more prominent relative to the body. But it is difficult to explain the improvement of erectile function and SD. We conjectured that one of the reasons might be the mental health caused by the better physical appearance. Thus, we have to mention that one of the weak sides of our study is lack of mental assessment.
Sidorkewicz et al. 24 reported that different coital positions require different spinal motion ranges. However, in patients with AS who have a fully inflexible spine, spinal surgery can still positively influence their ability to engage in their favorite coital position to some extent. Notably, coital positions are greatly affected by hip motion 25 ; thus, the coital positions of patients with AS might vary with hip stiffness. We took this into account in the present study in that we limited the cases to patients with a range of hip motion that changed by no more than 108. Although the difference in favorite coital positions was not significant, the Amazon and spoons positions were the most frequent and comfortable positions before and 24 months after surgery, respectively.
Many patients are concerned about the time point at which they will be able to resume sexual activity after surgery. Kanayama et al. 22 found that in patients who underwent surgical treatment for lumbar disc herniation, sexual activity was resumed within 2 weeks postoperatively in 23% of patients (27% in men and 14% in women) and within 4 weeks in 53%. However, no researcher has reported the time point at which sexual activity begins after surgical treatment of AS. The current study demonstrated that most patients who underwent surgical treatment of AS resumed their sexual activity with their spouse within 5 to 12 postoperative weeks, and no complications occurred because of sexual activity. On the basis of our observations, we believe that resumption of sexual activity 5 to 12 weeks after an operation for AS is more likely safe and might be permitted. Although Ozkorumak et al. 15 reported that there was no difference in the frequency of sexual intercourse between patients with AS and a healthy group, the results of our study show that surgery increases the frequency of sexual activity in patients with AS.
Although this study is an original report about the effect of kyphosis correction surgery on sexual activity, it has several limitations. First, it was a retrospective case series without a control group, which prevented us from evaluating the change in sexual activity of patients who did not receive surgical treatment. Second, it did not take psychological factors into account, making it difficult to distinguish whether spinal realignment improved the sexual activity directly or via an improvement in psychological well-being. Third, the small sample size hampered us to study the impact of age and sagittal correction on resuming sexual activity.
In conclusion, surgical correction of spinal deformity may improve sexual function, increase the frequency of sexual activity, and influence the favorite coital position in male patients with AS. Changes in the CBVA and LL are the most significant factors correlated with improvements in sexual function. Resumption of sexual activity after 5 to 12 weeks postoperatively might be permitted. 
Key Points
Surgical correction of kyphosis may improve sexual function in male patients with ankylosing spondylitis. Surgical correction of kyphosis may increase the frequency of sexual activity and influence the favorite coital position. Resumption of sexual activity 5 to 12 weeks postoperatively might cause no complications.
